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17 Bank Protection

17.1 OVERVIEXAND PURPOSE

This chapter provides an overview of measures to protect highway kenmévats, bridge structures,
culverts, and ther infrastructure assets in and near rivers, creeks, straach®ther waterways
(both natural and humamade). Guidance and standards outlined in this document are intended for
use on and near state and federal highways maintained and managed HgrdmoTaepartment

of Transportation, and on all waterways adjacent or subject to influence by CDOT infrastructure

Information presented herein originates from Federal Highway Administration means and methods

outlined infBridge Scour and Stream Instability Countermeasures: Experience, Selection, and

Design Guidance Blydraulic Engineering Circular No. 23 (HEZ3), Volumes 1 and 2, (2009}

is further supplemented by thér ban Dr ai nage and Fl oodUrb@ont r ol Di
Storm Drainage Criteria Manua(USDCM, Wright Water Engineers, 2016and the CDOT

Drainage Design ManugDDM) Chapter 8 Channels

One d the hazards of placing a highway near a river, stream channel, or other water body is the
potential for erosion obridges, culverts, andighway embankmestby moving waterProper
channel revetment, streaimstability countermeasures, or bank protectinust be considereshd
strategially appliedduring design.

The guidelines in this chaptedescribe applicable revetments used asrosion and scour
countermeasures for waterways witsign discharges generally greater than 50Vgtgerways
with smallerdesign discharges should folloprocedures presented the DDM Chapter 8i
Channels and in the FHWA Hydraulic Engineering Circular No. 15 (HE®), Ddsign of
Roadside Channels with Flexible Lining2005).

Four methods of protecting a highwanbankment from bank erosion are available to the designer:

A Relocation moving the highway away from the stream or water body

A River Training - encouraging waterway channels to laterally migrate away from
infratstructre assetes and facilitissich asbendway weirs, guidebanks,spurs and other
featuresnot covered in this chaptdrutare describeth HEG-23 and other literdure;

A Waterway Alteration- moving the water body away from infrastructure assets and
appurtenancesind

A Revetment constructingengineered treatments to prevent erosiodscour.

Emphasis in this chapter has been placadckripraprevetments due twost efficiencyflexibility

of installation self-healing during operatigrand widespread acceptaneghin the transportation
community across the natiofable 2.1 ofHEC-23 (reproducedin Appendix A) provides
alternatives totraditional riprap installations, thoughiprap is preferred whenever possible
Gabions or gabion mattresses for revetment egptinsarenot recommended for Colorado due to
severe weather considerations, fretzny cycle destruction of wire systems, degradation of wire
materials by oxidation, improper anchoring and installation, antiteencyfor mass failure when
one elemehof a gabion mattress is compromised
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In HEC-23 Hydraulic countermeasures adé/ided into four groups: transverse structures,
longitudinal structures, areal structures, and revetments and bed armorgiidhgssare further
broken down by applicationugable river environment, and maintenan®eher considerations
includefish passage, recreational use, agsiliency considerations from a CDOT planning and
programmatic levelFuturerevisions to this chaptewill include the &ove structures, and will
provide detail on matrix riprap installatians

Countermeasures must be designed and selected to accommodate or otherwise manage lateral
migration of channels, loagerm channebggradatiorand degradation, scour, erosion, and other
fluvial-geomorphologiconditionsthat must be considered for infrastructureynamic waterway

systemsThe identification ofappropriaterevetments best accomplishetthrough a combination

of observation historical data research, and quantitative analysiglytical and qualitative

methods for assessing fluvigeomorphologiconditonso f a wat er way ar e present
Hydraulic Engineering Circular No. 20 (HE), fiStream Stability at Highway Structutes

(2012) Scour calculation methods are presetitedydraulic Engineering Circular No. 18 (HEC

18), AiEvaluation Scour at Bridge$2012)

172 REVETMENT TYPES

Revetment treatment®mmonly usedor protecting highway infrastructure in Coloraidalude:

Rock riprap;

Matrix rock riprap (formerhcalledpartially-grouted riprap);
Fully-grouted rock riprap;

Soil-filled riprap for plantings;

Void-filled riprap usingUDFCD methodology;

Articulating concrete block (ACB);

Concrete slope protectioand

Biotechnical application§/egetativeplantings andybrid revetements).

To To Do To o Do o Do

Rock riprap is the preferred material for protecting highway infrastructure features in and adjacent
to CDOT facilitiesRockriprap matrixriprap, and grouted rock are the most common applications
Examples of typical rek riprap applications are shownmmotos 17.-and 17.2.

gy R e T ‘ s

Photo 17.1 Rock riprap treatment along US 28 Photo 17.2 Rockriprap installed as piescour
on the bank of the Che la Poudre River in countermeasures at USrBthe South Platte River
Larimer County, Colorado. near Merino, Colorado.
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Other revetment applicationsuch asACBs and sodcementmeans and methodsan be
implemented in accordance with HEX3 standards, but they often require proegmtcific training,
specifications, and unit prices that may not be consistent with design objectives or resiliency goals.
Recent experiences in the 2013 Flood recogene in northeast Colorad@DOT Region 4have

shown matrix riprap to be an effective and affordatikrnativeto large riprap, and in some cases

on large project is more effective and efficient tlstandardriprap applicationsAll revetment
designsrequire a filter system, discussed in HEX3, Design Guideline 16A matrix-riprap
installation is shown during and after constructioRliotos 17.&nd17.4

p

Photo 173 Constructiorof a matrixriprap Photo 174 Thecompletedmatrix-riprap
revetment along the Big Thompson River on US revetment fronPhoto 17.3rior to landscaping
34, Larimer County, Colorado, neltP 72,

Rubble, broken concrete, and other Mmook material should never be used as riprap revetment
material. It waspreviousy allowableto apply recycled materials as the primary feature in a
revetment layer, butesearch byFHWA indicatal this creates more damage than it prevents.
Broken concrete may be crushed to specifications of aggregate mix for new concréter in ot
projectapplications.

Fully-grouted rock revetment consists of rock slope protection with voids filled with concrete grout
forming a monolithic armor. Fulhgrouted rock is a rigid revetmeiittwill not conform to changes

in the bank geometry due to settlement. As with other monolithic revetmentsyriolited rock is
particularly susceptible to failure from undermining and the subsequent loss of the supporting bank
material. Although it igigid, fully-grouted rock is not strondhere is often underwater failure

from the freez&haw cycle at the grout rock interfadée loss of even a small area of bank support
can cause failure of large portions of the revetneae Section 17.6.9 and &jjter 5 oHEC-23

for adetaileddiscussion of fullygrouted rock.

An alternative to fullygrouted rock ignatrix riprap.It is usedto increase the stability of riprap
without sacrificing flexibilityand has proven to be an efficient affictive method of protectin
larger rock gradations

In addition,soil-filled riprap can be used abowedinary high wateandat emergency spillways
for plantingarea. Bioengineeringsuch as cuttings and rootwa@n be combined with ripragnd
void-filled riprapto provideecological improvemeni@nd roughness.



175

173 DESIGN CRITERIA

Under certain conditions, it may be appropriate to establish the level of risk allowable for a site
through risk and/or resiliency analysis, and design to as@sefc level of service or level of
protection. In addition, design standards of other agencies having control or jurisdiction over the
waterway or facility should be incorporated or addressed in the dasignincludespermitting
agencies with floodplain nrmagement standards, highway design criteria, stormwater management
planning standards and community master pldngs particularly relevant in the Denver
metropolitan area where UDFCD criteria may require higher levels of service or prot8ction.
standards published in HEC8 and freeboard criteria thapter 10 Bridgesare also important

to consider

Designflow rates for design or analysis offrastructure feature# or near waterways have a
recurrence intervalange from thel0- to 500-yea storm. Recommended design frequencies for
various types of roads and drainage infrastructure are listed in TaleChapter 7 Hydrology,

but design frequencies for scour at bridges must be determinednusihgds found iHEC-18
and HEG23.

In some instances,the worstcase revetment conditiois incipient overtopping discharge,
maximum pressurdlow discharge, or a combination of medidlow flood events that generate
worstcase scour or erosion conditiongvSral discharge levelnustbe evaluatd at bridges,
culverts, roadwayvertopping sections, hydraulic structures, river training appurtenaaces
adjacent waterway featur&s ensure the design is adequiatevithstand hydraulic conditiorfer
all discharge up toand includinghe design idcharge.

174 ROCKRIPRAP DESIGN GUIDELINES

This Section presents guidelines for the design of sopkap revetment. The guidelines drased
on Design Guideline 4 frorHEC-23.

17.4.1 Riprap Size, Shape and Gradation

Rock riprap applications are stardizedby a size classification known as a gradation, where the
median grain size by density is specified as a d5Dsgr typically in inches The Dso for an
individual particle is typically measured along tha®s of an individual stone, whighidentified

as the median axigigure 17.1 shows the longest aaisthe A-axis, and the narroweasthe G

axis

C (thickness)

Figure 17.1 Riprap axes from HEQ3, Hg. 5.1.
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Photo 175. Collecting Wolman Counts of pesbnstruction rock riprap at the
Cache la Poudre River adjacent to US 287, Larimer County, Colorado, at MP

It is important to note a standard riprap stone should be angular and somewhat irregular, despite
the near brick shape illustratedrigure 17.1Riprap revetment should not be needle shaped like

a curb stop, flat like broken sidewatk, cubicwhere all three axes are nearly the same dimension
Angular rock riprap should follow the shape parameters of BEChapter 5, Section 5.2.8 where

an axis ratio ofA/C O 3.0 can be maintained, and a uniformity ratio is maintained as
1.50Dgs/ D15 02.5.

Round riprap is not recommended for CDOT channel revetritendy be used as source material

for habitat enhancememr fine-graded channel features that can be disturbed by floods exceeding
the bankfll or channefforming discharges (see HEZD). All riprap-revetment grain sizes must be
measured using a Wolmaebble ount at the quarry or in a field tqste before rock is accepted
for construction installation. 't i s common
riprap gradationdelivered to project construction sites without confirming gradatmgxample

of a Wolmarpebble ount is provided irPhoto 17.5

It has beemlocumented at CDOT that revetment installations tend to havelanliaBs, less than

half of the designed and specifiBg,. This can be prevented by inspection of delivered materials
using Wolmanpebble ounts at construction sites during delivery and prior to placendint
Wolmancounts should include 100 samples per sitglbtted on a standard gradation curve, and
Dso calculated graphicallyl he standard gradation for riprap requineshsmaller stones (closer to

D10) and larger stones (closer@aqg) to allow for a range of sizes within a revetment mattfesis

allows partial interlocking of stones and prevents uniform voids from developing within the
treatment area thabuldcreate a failure mechanism for water to escape through the revetment and
attack the slope beneath

The standard CDOT roelprap gradation isdentified in Section 506, Table 5@in CDOT
Standard Specifications for Road and Bridge Construc@17). This table is reproduced as
Tablel7.1. It is important to note the gradation specification does not exceaudl2# materials.

This is consistet with findings of investigations in CDOT Region 4 after the 200d8d disaster,
where reliable sources bk, riprap gradations exceeding 24 in were not discovered in or near the

or



state of Coloradd-or applications where@so greater than 24 in is required, matrix riprap should

be utilized per HE€3 Design Guideline 12.
Table 171 Standard CDOT gradations for rock riprap.

17-7

Pay Item Percent’ of Typical Typical
: Material étone Stone
Stone Size Smaller Than . " :
dsor ol Dimensions® Weight*
Typieal (Inches) (Pounds)
(Inches) Stone?
70-100 12 85
: 50-70 9 35
Sipp g 35-50 6 10
2-10 2 0.4
70-100 15 160
; 50-70 12 85
Riprap ? 35-50 9 35
2-10 3 1.3
70-100 2 440
Ripmp 12 50-70 18 275
35-50 12 85
2-10 4 3
100 30 1280
: 50-70 24 650
Bipap = 35-50 18 275
2-10 6 10
100 42 3500
’ 50-70 33 1700
Spap & 35-50 24 650
2-10 9 35
'd50 = nominal stone size
based on typical rock mass
equivalent spherical diameter
“based on a specific gravity=2.5

Table 171 indicates rock riprap gradations can be specified axiB stone dimension (d50 or
Dso), or by stone weight (W), where the conversion to weiglkietermined b¥quation 17.1

W T — (17.2)

where: typical stone weighfib)
density of ston€lb/ft3, or pch
size of stone on Hxis(in)

oR =
Il
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17.4.2 Riprapesign Calculations

Equation 17.2vas derived from HE@3 equations in Volume 2, Design GuidelBjeandcan be
usedfor channelrevetmentlesign calculationgCoefficients are included to account for the desired
safety factor for design, specific gravaythe riprap stoneandbank slope.

8

O, PEOYO O O 172

where: Dsp = riprap median stone size (in)

Y = depth of flow at the toe of slope (ft)

S = safety factortypically 1.1, or 1.2 for steep waterways or debris (no unit
Cs = stability coefficienf 0.300 for angular rock, 0.375 for round rock (no uni
Cv = velocity distribution (see Eq. 17.3, no units)

Cr = blanket thickness coefficigrt.0 (no units)
Vies = Velocity 20% upslope of revetment toe (see Eqgs. 47d4.7.5, ft/sec or fps
Vag = 1-dimensional cross section average flow velocity (ft/sec or fps)

Ki = Side-slope correction factor (see Etion17.6, no units)

Rc = centerline chaniébend radius of curvature (ft)

W = top width of upstream channkbénd water surface at approach (ft)

Sg = specific gravity of rockuse 2.50 for design (no units)

M = bank angle, never steeper than 2H:1V or 26.6° (degrees)

y = local depth of flow (ft)

For Cy, velocity distribution
6, PSUAEICHD OAEAEG &1 OKATAAO (173)
6, PR Yorl igjw T 1T OORARARAYOw ¢ o
6, p& Wi xT OOBAIAII T ADBRAORT Al O
For Vuesin natural channels:
hoi @ PET MJIEjw (174)
oo; @ Al Vjw ¢ o
For Vuesin trapezoidal channels:
thgi ® PP TV IETjw (175)
Gpoi © Al Vi

ForKj, sideslope correction factor

8
be p —— (176)

Note the data required to solve Equations 17.2 through 17.6 must be derived froohapeel
designs conforming tetandarddound inChapter 8 ChannelsSection 8.4.
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17.4.3 Design Thickness, Toe Depth and Longitudinal Extents

All stones should be contained within the riptayer thickness, witfiew or no oversized stones
protruding above the surface of the riprap matrix. The following criteria are recommigaskstl
ontypical CDOT practices andEC-23 guidancejn order ofpreference

1. Layer thickness should be twiBgo, whenever possible

2. Layer thickness should not be less than the spherical diametefabslstone or less than
1.5Dsg) stoneat any pointwhichever results in the greater thickness.

3. For practical placeentlayer thickness shoulteverbe less than.Q ft.

4. Layer thickness determined Ilye abovecriteria should be increased by @when the
riprap is placed underwater to compensate for uncertainties associated wikhcinisgnt
condition.

Toe depth, or toelown, is a critical design consideration to prevent hydrautidermining of
revetmenitoe protectionThis isone of the prirary mechanisms of revetment failulat can be
mitigated with detailed hydraulic analysis design of bank protection, estimates of depth of scour

are needed to place the protective layer sufficiently low in the streambed to prevent undermining.
Scour depths can include pier scour, abutment scour, contraction scour, bendway scour, vertical
wall scour, and other HET8 scour types identified by laboratory and field researtle total

depth of scour must be added to ldegn channel degradation calculations and lateral migration
projections to determine the total proper depth of treatmemrdgent the undermining of
engineered revetments

The longitudinal extent oh design revetment is highly dependent on local site conditions. In
generalthe revetment should be continuous for a distance greater than the length affected by
channelflow forces that are severe enough to cause dislodging and/or transport of bank material.
If the longitudinal extents are calculat®d shorf the entire treatment areautd be flanked at the
leading (upstream) or trailing (downstream) edge of treatnidig could lead to mass failure of

large sections of protected waterwalynking of revetments is one of the most common failure
mechanismsilt is better to be overly conservative witlesign andnstallation of a long bank
protection structure than to comeckaand repair latefThis failure mechanism was observed in
CDOT Region 4 along the Cache la Poudre River at US 287 near LaPorte, Colorado, in flood events
of 1999 and 2013and can be preventdany conservativedesign of horizontal riprap extents
supportedy hydraulic analysis

17.4.4 Vertical Freeboard

The minimum freeboardheight of designed riprap igypically 2.0 ft on natural waterways
Treatments should be terminated at least 2.0 ft above the highest desigaurfams elevation
from detailed hglraulic analysis calculations and modelsdmputational procedures resiliency
measuregndicate additional freeboarblenefits a protected infrastructure systehe greater
freeboardheight should be used. For additional information on freeboarcethssvcomputation
procedures for freeboard at bridges, see ChapteBli@ges.

17.45 Edge and End Treatments

Edge and end treatments are resiliency measures ensuring channel revetments with rock riprap
perform as designeHlEC-23applications in Design Guideline 4, Figure,&&providedin Figure
17.3toillustrate propetermination of revetmeribes otherwise known as edge treatments.
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End treatments are leading edge (upstream keys) and trailing edge (downstream keys}Hehature
prevent flanking of revetmentghich cause mass failure by allowing flood flows to wrap behind
rock riprap and destroy it from beneath the treatnferper upstream and downstream keys are
describedn HEC-23, Design Guideline 4, Figure 4.4, anatlidedbelowin Figure 17.4

- Minimum freeboard 2 ft (0.6 m)

i<

Design high water

Geotextile or
granular filter

Minimum riprap
thickness = larger of (1.5ds, or d,q)

Ambient bed elevation
/7NN

Toe down riprap to

Maximum scour depth =
maximum scour depth

(Contraction scour)
+ (Long-term degradation)
+ (Toe scour)

Figure 172 Edge treatments for proper tdewn of riprap revetment,
from HEG23.

PEREERE

A LIMIT OF
REVETMENT MINIMUM FREEBOARD
RIPRAP 2FT.(06m)

PLAN VIEW

DESIGN HIGH WATER

GEOTEXTILE
OR GRANULAR 7 -~ i ”
FILTER =T RIPRAP MOUND HEIGHT =
g |DESIRED TOE DOWN DEPTH
RIPRAP MOUND THICKNESS = AMBIENT BED ELEVATION
2x LAYER THICKNESS ON SLOPE
SECTION A-A'

(REVETMENT RIPRAP SHOWING
MOUNDED TOE SLOPE TERMINATION)

MINIMUM FREEBOARD
2FT(08m) MINIMUM RIPRAP
' THICKNESS (1 = LARGER
OF (1.54,0R c...)
DESIGN HIGH WATER KEY TRENCH

) |

GEOTEXTILE - S GANST ! AR gt
OR GRANULAR 8 1 N AMBIENT BED ELEVATION t _\____/r'\_ |
FILTER AT I ] 74 :
N | TOE DOWN RIPRAP TO at FILTER
o Lo
L _{MAXIMUM SCOUR DEPTH RPAGED
THICKNESS = LARGER SUBGRADE MAXIMUM
OF (150,0R¢,,) SLOPE = 1V:1.5H
MAXIMUM SCOUR DEPTH = SECTION B-8'
(CONTRACTION SCOUR) + (LONG-TERM DEGRADATION) + (TOE SCOUR)
REVETMENT
SECTION A-A" RIPRAP
(REVETWENT RIPRAP SHOWING
TOE DOWN SLOPE TERMINATION) evetment R dgn]_May 2006

Figure 173 Endtreatments for proper ken of riprap revetment
at upstream (Section -A) and downstream (Section -B)
terminations, from HEE1. Note the design thickness of the
riprap layer is denoted as T.
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17.46 Riprap Placement

The common methods of riprap pégeent are hand placirejmdmachine placing, such as from a

skip, dragline, or some form of buckBumping from trucks and spreading with a bullddzerot

an acceptable placement methbdthe machinglacement method, sufficientgmall increments

of sone should be releasad more than 3.0 ft above geotextile filter or granular bedding materials
Rehandling or dragging operations to smooth the revetment surface tend to result in segregation
and breakage of stommdcompromise filter layers beneathhieh leads to failure below the rock
matrix and compromises the design LOS

17.47 Ice Damage

Ice can affect riprap linings in a number of ways. Moving surface ice can cause crushing and
bending forcesand largeimpact loadings. The tangential flow @kialong a ripragined channel

bank can also cause excessive shearing forces-ditightion applications of rock ripragmve

shown thafreezethaw cycles can compromise the median grain size of a revetment application to
fractions of original design & This is especiallytrue for riprap containing high volumes of
sandstone or lowlensity mineralsvith low specific gravity Design of ligh-elevation installations
should consider riprapse ofhigher density and durability characteristican sandstone materials.

175 RIPRAP FILTBEESIGNEUIDELINES

A filter is a transitional layer of gravel, small stoe fabric placed between the underlying soil
and the structure. The filter preventggnaition of fine soil particles through voids in the structure
This distributes the weight of armor unasdprovides more uniform settlemenhatpermits relief

of hydrostatic pressures within the soils. A filter should be used whenever riprap isqiataal
cohesive materialvhich is subject to significant subsurface drainage (e.g., in areas where water
surface levels fluctuate frequentbnd in areas of high groundwater leve®)efilter should not
contain organic materialnless a voidilled riprap installation is prepared in accordance with
UDFCD standardsAdditional guidance on the selection, designd specifications for filter
material can be found in HEZ3, Design Guideline 16.

17.5.1 Granular Filter Designs

For rock riprap, a filter rati®5 between layers will usually result in a stable condition. The filter
ratio is defined as the ratio of the 15% particle si2g)(of the coarser layer to the 85% particle

size Dgs) of the finer layer. Amadditional requirement for stability is that the ratio of the 15%
particle size of the coarser material to the 15% particle size of the finer material should exceed 5
but be less than 40. These requirements can be stated as:

D, (coarserayer) <Ec D, (coarserlayer) <
Dgs ( finerlayer) D, (finerlayer)

The fird test of the inequality is intended to prevent piping through the filter. The second test
provides adequate permeability for structural bedding layBne right portion provides a
uniformity criterion.

If a single layer of filter material does not satififter requirements, one or more additional layers

of filter material must be used. The filter requirement applies between bank material and the filter
blanket, between successive layers of filter material if more than one layer is used, and between the
filter blanket and riprap cover. In addition to filter requirements, egs&ia curves for the various
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layers should be approximately parallel to minimize infiltration of fine material from the finer layer
to the coarser layer. Not more than 5% of therfithaterial should pass the No. 200 si¢irgure
174 can be used to aid in designing an appropriate granular filter.

The thickness of the filter blanket should range from 6 to 18 in for a single layer, or from 4 to 8 in
for individual layers of a multigtHlayer blanket. Where gradation curves of adjacent layers are
approximately parallel, the thickness of blanket layers should appagactimum. The thickness

of individual layers should be increased above the minimum proportionately as the gradaton curv
of material comprising the layer departs from a parallel pattern.

17.5.2 Geotextile FilterDesigrs

Synthetic geotextile filters are frequently usexhn alternative to granular filters. Since the first
erosioncontrol application of geotextile in 195if,has been used successfully on thousands of
projects. Advantages of using geotextile filters include:

A Installation is generally quick and labefficient;

A Geotextile filters are more economical than granular filters;

A Geotextile filters have a more costgint and reliable material quality; and

A Geotextile filters havaigherinherent tensile strength.

Disadvantages include:

Geotextiles can be difficult to install underwater;

Geotextiles have widelyariable hydraulic properties and must be designed based o
projectspecific conditions and performance requirements;

Geotextile filter performance is sensitive to construction procedures;

Special installation and inspection procedures may be necessary when using geotextile
filters; and

Geotextile can tear dugnplacement anddepending on the materjahay not last over
time.

o Do Do Io Do

The design of geotextile filters closely follows traditional graded gradiiltier design principles
and should consider:

A Soil retention (piping resistance);
A Permeability;

A Clogging; and

A Survivability.

It is very important that individual site conditions and performance requirements be established in
conjunction with the geotextile design. Generalized geotextile requirements should be used only
on very small onon-critical / non-severe installations where a detailed analysis is not warranted.
AASHTO has developed materials and construction specifications (AASHTO Specification
M-288) for routine, noreritical / non-severe geotextile applications. Details of geote-filter

design for all levels of project severity and criticality are presentdeHWAO $eosynthetic
Design and Construction Guidelind3etailed guidance on specifying and installing geotextiles for

a variety of transportation applications is po®d. The American Society for Testing Material,
Committee B35, has developed standard testing procedures for approximately 35 general, index,
and performance properties of geosynthetics. These procedures are recommended for use in design
and specificatinos when using geosynthetics.



17-13

17.5.3 Geotextile Installation Procedures

To provide good performance, a propesblected geotextile should be installed considering the
following:

A The area should be graded and debris removed to provide a smootkeviaithurface;

A Geotextile should be placed loosely, laid with the machine (generally roll) dirdotidwe
same direction as anticipated water flow or movement; and

A The geotextile should be seamed, or a minimum overlap of 12 in should be used.

The maximumallowable slope on which a riprajeotextile system can be placed is equal to the
lowest soilgeotextile friction angle for the natural ground, or stgeetextile friction angle for
cover (armor) materials. Additional reductions in slope may be necessario dugraulic
considerations and possible letegm stability. For slopes greater than 1V:2.5H, special
construction procedures are required.

For streambank and wawaetion applications, geotextile must be keyed in at the bottom of the
slope If the systemcannot be extended a few feet above the anticipatedwaggr level, the
geotextile also should be keyed in at the crest of the slope.

The revetment (cushion layer and/or riprap) should be placed over the width of the geotextile in a
manner hatavoids puncturing it.

WRAP CLOTH AROUND BASE OF ARMOR

Figure 17.4 Geotextile Filters
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17.6  SOFTWARE FOR DESIGNING BANK PROTECTION

Current software for designing bank protection is listeBable17.2. The software listed is public
domain software, or software CDOT has purchased. Fantisecurrent versions of software and
software documentation, the hydraulic engineer should consult the software source.

Table 17.2. Software forriprap revetment design assistance.

Software
Name

SMSv12.3 The Surface WateModeling System (SMS) is  Aquaveo website at
comprehensive environment for enand two-  www.aguaveo.com
dimensional hydrodynamic modeling. A prand
postprocessor for surfaesater modeling anc
design, SMS includes twdimensional finite
element and finite differencanalyses, and finit
volume analysis with the addition of SKHD.

The analysis packad@RH2D includes options fol
modeling bridgesculvertsand highwaysn three
dimensions with twalimensional output, and has
calculator function that allows HEEZ3 equations
to be prograrad directly into a pogprocessec
solution.

FHWA The FHWA Hydraulic Toolbox software is a star FHWA
Hydraulic alone suite of calculators that perform rout
Toolbox 4.4 hydrologic and hydraulic computations (see

softwae section of Chapter-8Channels).

The channelining-design calculator uses HEIS
tractiveforce methods for determining rock si
for rock lining and for assessing gabions.

The riprapdesigncalculator includes the HEZ3
riprap-sizing equations for channel revetmel
bridge piers, bridge abutments or guide bar
channel spur, embankment overtopping, 6f
bottom culvert, and wave attack. The calcule
also includes culverbutlet riprapsizing equations
from HEG-14, and filter design.

Features Source

Riprapcan be designed using the FHWA Hydraulic Toolbox or the USACE CHANLPRO software
Bank protection for uniform channels can be designed using the FHWA Hydraulic Toolbox,
channel analysis, or WMS, channel calculgsere the Software section of ChapterGhannely
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APPENDIX A Table 17.3 Stream instability and bridge scour countermeasures m;



